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M i s s i l e  D i v i s i o n ,  N o r t h  A m e r i c a n  A v i a t i o n ,  D o w n e y ,  

C a l i f o r n i a  

R O O T P O L  (n, a, L,  F ,  u,  v,  C O N V )  ; 
p r o c e d n r e  v a l u e  n ,  a, L 7 F ; i n t e g e r  L ,  F ,  n ; 

] 
I a r r a y  a, U, v, C O N V  ; 
i c o m m e n t  T h e  B a i r s t o w  a n d  N e w t o n  co r r ec t i on  f o r m u l a e  a re  
] u sed  for a s i m u l t a n e o u s  l i nea r  and  q u a d r a t i c  i t e r a t e d  s y n t h e t i c  

d iv is ion .  T h e  coeff ic ients  of  a p o l y n o m i a l  of  degree  n a re  g iven  as  
i ai (i = 0, i, . , .  , n )  whe re  a~ is t h e  c o n s t a n t  t e r m .  T h e  eoeffi- 
i c i en t s  a re  sca led  b y  d i v i d i n g  t h e m  b y  the i r  g e o m e t r i c  m e a n .  

T h e  B a i r s t o w  or N e w t o n  i t e r a t i o n  m e t h o d  will n e a r l y  a l w a y s  
' c o n v e r g e  to t h e  n u m b e r  of f igures  ca r r i ed ,  F ,  e i t he r  to  roo t  
/ 
:~ v a l u e s  or  to  t he i r  r ec ip roca l s .  If  t h e  s i m u l t a n e o u s  N e w t o n  a n d  
i B a i r s t o w  i t e r a t i o n  fa i l s  to  c o n v e r g e  on  roo t  v a l u e s  or  t he i r  

r ec ip roca l s  in L i t e r a t i o n s ,  t h e  c o n v e r g e n c e  r e q u i r e m e n t  will be 
s u c c e s s i v e l y  r e d u c e d  b y  one  d e c i m a l  f igure .  T h i s  p r o g r a m  an t i c i -  
p a t e s  a n d  p r o t e c t s  a g a i n s t  loss  of s ign i f i cance  in t h e  q u a d r a t i c  
s y n t h e t i c  d iv i s ion .  (Refe r  to  "On P r o g r a m m i n g  t h e  N u m e r i c a l  
So lu t ion  of P o l y n o m i a l  E q u a t i o n s , "  b y  K .  W.  E l l e n b e r g e r ,  
C o m n m n .  A C M  3 (Dee.  1,960), 644-647.) T h e  real  a n d  i m a g i n a r y  
pa r t  of  e a c h  roo t  is s t a t e d  as  u[i] a n d  v[i], r e spec t i ve l y ,  t o g e t h e r  
w i th  t h e  c o r r e s p o n d i n g  c o n s t a n t ,  C O N V b  used  in  t h e  con-  
ve rgence  t e s t .  T h i s  p r o g r a m  h a s  b e e n  u s e d  s u c c e s s f u l l y  for  ove r  
a y e a r  on  t h e  B e n d i x  G15-D ( I n t e r c a r d  S y s t e m )  a n d  h a s  r e c e n t l y  
been  coded  for  t h e  I B M  709 ( F o r t r a n  S y s t e m )  ; 

b e g i n  i n t e g e r i ,  j , m  ; a r r a y  h,  b,  c, d,  e l - 2  :n] ; 
r e a l  t ,  K ,  ps ,  qs,  p t ,  q t ,  s,  r ev ,  r ; 

R O O T P O L :  b._l : =  b_~ : =  e_l : =  c_2 : =  d - t  :=  d_~ : =  e_l :=  
e_~ :=  0 ; 

f o r  j :=  0 s t e p  1 u n t i l  n do hi : =  ai ; t :=  1 ; 
K : =  10 F ; 

Z R O T E S T :  i f  h ~ = 0 t h e n  
b e g i n u =  :=  0 ; v= : =  0 ; CONV= : =  K ; 

n : =  n -  1 ; g o  t o Z R O T E S T  

e n d  ; 
I N I T :  i f  n - 0 t h e n  go  t o  R E T U R N  ; 

ps  :=  qs  : =  p t  :=  q t  : =  s : =  0 ; 
r e v  :=  1 ; K : =  10 F ; 

i f  n = l t h e n  
b e g i n  r :=  - h , /h0  ; go  t o  L I N E A R  

e n d  ; 

! f o r  j : ~  O s t e p  1 u n t i l n d o  
b e g i n  
i f  h i  = 0 t h e n  s :=  s e l s e  s :=  s -- l og (abs (h j ) )  

e n d  ; s :=  s 1° " 
fo r  j : -  0 s t e p  1 u n t i l  n d o  hi : =  h i / s  ; 
i f  a b s  (ht /h0) < abs  (h~_~/h , )  t h e n  
b e g i n  t : ~  - - t  ; m : =  en t i e r  ( ( n + 1 ) / 2 )  ; 
f o r j  :=  0 s t e p l  u n t i l m d o  
b e g i n  s : =  hj  ; h~ :=  h~-i  ; jn_j : =  S 

e n d  
e n d  ; 
i f q s  ~ 0 t h e n  
b e g i n p  : =  ps  ; q : =  qs  ; go  t o  I T E R A T E  

e n d  ; 
i f  h~_~ = 0 t h e n  
b e g i n  q : =  1 ; p : -  - 2  
e n d  e l s e  
b e g i n  q :=  h / h . _ ~  ; p : =  (h~_~ - q X h n - s ) / h n - ~  

e n d  ; 
i f n  = 2 t h e n  go  t o  Q A D R T I C  ; r : =  0 ; 

I T E R A T E :  fo r  i :=  1 s t e p  1 u n t i l  L d o  
b e g i n  

B A I R S T O W :  fo r  j :=  0 s t e p  1 u n t i l  n d o  
b e g i n  bi :=  hi --  p X bi-1 - q X bi-~ ; 

ci :=  b j - p  X c i - 1  - q X cj_~ 
e n d  ; 
i f  n,,_t = 0 t h e n  go  t o  B N T E S T  ; 
i f  bn-1 = 0 t h e n  go  t o  B N T E S T  ; 
i f  abs  ( h a _ l / b n - 1 ) < K  t h e n  go N E W T O N  , 

b .  :=  h n - q  X b._.~ ; 
B N T E S T :  i f  b .  = 0 t h e n  go  t o  Q A D R T I C  ; 

i f  K < abs  ( h J b = )  t h e n  go  t o  Q A D R T I C  ; 
N E W T O N :  fo r  j : -  0 s t e p  1 u n t i l  n d o  

b e g i n  d i :=  h i q- r × di-~ ; ej :=  d i q- r X ei-t  
e n d  ; 
i f  dn  = 0 t h e n  go  t o  L I N E A R  ; 
i f K  < abs  ( h . / d ~ )  t h e n  go  t o  L I N E A t ~  ; 

c~_~ :=  - p  X c~_~--q X c._~ ; 
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S : ~  Ca -2  - -  Cn-1  )< C n - z  ; 

i f  s ~ 0  t h e n  
b e g i n p  :=  p - -  2 ; q : =  q X  ( q +  1) 
e n d  e l s e  
b e g i n  p :=  p -4- (b=_l X c._2 - bn X cn -a ) / s  ; 

q :=  q q- ( - -b~_l  X C,_l + bn  X c~_~)/s 
e n d  ; 
i f e n - i  = 0 t h e n r  :=  r - 1  e l s e r  :=  r -- d~/e~_t 
e n d  ; ps  :=  p t  ; qs  :=  q t  ; p t  :=  p ; 

q t : =  q ; 
i f r e v  < 0 t h e n  K :=  K / 1 0  ; r ev  = - r e v  ; 

go  t o  R E V E R S E  ; 
L I N E A R :  i f t < 0 t h e n r : = l / r  ; u ~ : =  r ; v , : = 0  ; 

C O N V ~ : = K  ; n :=  n - 1  ; 
f o r  j :=  0 s t e p  1 u n t i l  n do  h i : ~  di ; 
i f n  -- 0 t h e n  go  t o  R E T U R N  ; 

g o  t o  B A I R S T O W  ; 
Q A D R T I C :  i f  t < 0 t h e n  

b e g i n p  :=  p / q  ; q : =  1/q  
e n d  ; 
i f 0 <  (q - (p/2) 2) t h e n  
b e g i n  u .  :=  u._~ :=  - p / 2  ; 

s :=  s q r t  (q - (p/2)  3) ; v~ :=  s ; 

V n _ l  : ~  - - S  

e n d  e l s e  
b e g i n s  :=  s q t  ( (p/2)  ~) - q) ; 
i f p < O t h e n u ~ : =  - p / 2 + s  

e l s e u =  :=  - - p / 2 - - s  ; u~_l :=  q / u =  ; 
V n  :-~" Vn--1 : ~  0 

e n d  ; CONV~ :=  C O N V . _ I  :=  K ; 
n :=  n - - 2  ; 
f o r  j :=  0 s t e p  2 u n t i l  n d o  h i :=  bi ; 
go  t o  I N I T  ; 

R E T U R N :  e n d  

C o n t r i b u t i o n s  to  t h i s  d e p a r t m e n t  m u s t  be in t h e  form 
s t a t e d  in  t he  A l g o r i t h m s  D e p a r t m e n t  pol icy s t a t e m e n t  
(Communications, F e b r u a r y ,  1960) excep t  t h a t  A L G O L  60 
n o t a t i o n  s h o u l d  be u sed  (see Communications, M a y ,  1960). 
C o n t r i b u t i o n s  s h o u l d  be sent  to  J .  H .  Wegs te in ,  C o m p u t a -  
t i on  L a b o r a t o r y ,  N a t i o n a l  B u r e a u  of S t a n d a r d s .  W a s h i n g -  
t o n  25, D .C .  A l g o r i t h m s  s h o u l d  be  in  t h e  P u b l i c a t i o n  fo rm 
of A L G O L  60 a n d  w r i t t e n  in a s t y l e  p a t t e r n e d  a f te r  t h e  mos~ 
r e c e n t  a l g o r i t h m s  a p p e a r i n g  in  t h i s  d e p a r t m e n t .  

A l t h o u g h  e a c h  a l g o r i t h m  h a s  been  t e s t e d  by i t s  con- 
t r i b u t o r ,  no w a r r a n t y ,  exp res s  or impl ied ,  is m a d e  b y  t h e  
c o n t r i b u t o r ,  t h e  ed i tor ,  or  t he  Assoc i a t i on  for C o m p u t i n g  
M a c h i n e r y  as to t h e  a c c u r a c y  a n d  func t ion ing  of t h e  al-  
g o r i t h m  a n d  r e l a t e d  a l g o r i t h m  m a t e r i a l  and  no r e spons i -  
b i l i t y  is a s s u m e d  b y  t h e  c o n t r i b u t o r ,  t he  ed i tor ,  or  t h e  
Assoc i a t i on  for  C o m p u t i n g  M a c h i n e r y  in  connec t ion  the re -  

w i th .  

C o m m u n i c a t i o n s  o f  t h e  A C M  6 4 3  
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